Improved preservation of rat hindlimbs with the University of Wisconsin solution and butanedione monoxime.
The purpose of this study was to compare the effects of the University of Wisconsin solution plus butanedione monoxime, the University of Wisconsin solution without butanedione monoxime, and saline on the preservation of muscle tissue. Forty-nine rat hindlimbs were amputated and replanted. The study population was subdivided into four groups according to flushing solution, storage, and replantation protocols. The limbs of the control group (n = 12) were flushed with 20 ml University of Wisconsin solution and immediately replanted onto the same rat. In the remaining three groups, the limbs were immersed in solution, stored in a refrigerator at 4 degrees C for 24 hours, and then replanted onto a fresh rat. The limbs in the no flushout group (n = 7) were placed into storage in cold saline solution without being flushed. The limbs in the University of Wisconsin solution group (n = 17) were flushed with 20 ml of University of Wisconsin solution prior to storage, and those in the University of Wisconsin solution plus butanedione monoxime group (n = 13) were flushed with 20 ml University of Wisconsin solution plus 20 mM butanedione monoxime. Limb survival rate was 100 percent for the control and University of Wisconsin solution plus butanedione monoxime groups, 87 percent for the University of Wisconsin solution group, and 71 percent for the no flushout group. Seven days after replantation, ATP levels were 71 percent of control in the University of Wisconsin solution plus butanedione monoxime group, 33 percent in the University of Wisconsin solution group, and 29 percent in the no flushout group. Tissue K+/Na+ ratio showed that the University of Wisconsin solution plus butanedione monoxime group maintained electrolyte balance, whereas the balance was significantly lowered in University of Wisconsin solution and no flushout groups. The University of Wisconsin solution plus butanedione monoxime limbs did not exhibit cell swelling, whereas total tissue water values for the University of Wisconsin solution and no flushout groups increased significantly. Serum creatinine kinase, measured 24 hours after replantation, was 120 percent of control in the University of Wisconsin solution plus butanedione monoxime group, 550 percent in the University of Wisconsin solution group, and 772 percent in the no flushout group. Limbs in the University of Wisconsin solution plus butanedione monoxime group had more flexible ankle joints and pliable muscle (i.e., less contracture) than those in the University of Wisconsin solution and no flushout groups. In conclusion, rat hindlimbs can be preserved hypothermically for 24 hours using the University of Wisconsin solution, the University of Wisconsin solution plus butanedione monoxime, or saline. However, the University of Wisconsin solution plus butanedione monoxime limbs had better ATP levels and less cellular injury after replantation. Based on these results, we believe that, biochemically, flushing and storage of muscle tissue in the University of Wisconsin solution plus butanedione monoxime are the most effective means of those studied for preserving composite tissue grafts for 24 hours.